Abstract: Study on the effect of three heavy metals (Al, Fe, Mo) were studied on two strains of rhizobia isolated from root nodules of two tropical legume species, Mucuna pruriens and Trigonella foenumgraecum. The effects were assessed for bacterial growth in culture and in symbiotic parameters such as biomass production and nodulation in host plant. Aluminium was found to have detrimental effect in both in-vitro and in-vivo condition in all its concentration. Iron was found to support bacterial growth and symbiotic parameters such as biomass production and nodulation up to 25 µM. Above 25 µM iron was found to have negative effect. Molybdenum was beneficial up to the 75 µM concentration in culture of both strains of bacteria while in plant productivity and nodulation it was beneficial only up to 20 µM.
INTRODUCTION
It has been already established that Rhizobium has symbiotic N 2 fixation with leguminous plants. The symbiotic relation, as it occurs in economically important plants, has deep concern with human interest. The symbiosis not only is beneficial for the associates but ultimately when the legume get benefited the human economic concern is benefited. Several scientific researches have been conducted to improvise the symbiotic relation. Several researchers have been devoted to identify suitable and harmful conditions for the symbiosis to be improved to maximum limit. Various environmental factors effecting symbiosis such as salinity (Chen et al., 1992) , pH (Brockwell, 1991) , has already been assessed. Optimum level of physiological function can be achieved in suitable environment and adequate nutrient supplies. Some elements, such as heavy metals, though essential for organisms, are harmful if present in excess. Aluminium has adverse effect on nodule initiation (Kim et al., 1985; Brady et al., 1990) . According to Giller et al. (1998) , effect of heavy metals depends upon duration of exposure, dose and type of metal used. Kinkle et al. (1994) reported that Sinorhizobium meliloti strains have high tolerance ability to various heavy metals. In legume-Rhizobium symbiosis, maximum yield is possible when there is suitable condition for both partners. Present investigation aims to analyze the effect of aluminium, iron and molybdenum on rhizobial growth, crop productivity and nodulation parameters of two tropical legume plant Mucuna pruriens and Trigonella foenumgraecum.
METERIALS AND METHODS
Effect of three metals; Al, Fe, and Mo were investigated on two strains of rhizobia (MPR 8 and TFR 3 ), nodulating two tropical legume species Mucuna pruriens and Trigonella foenumgraecum respectively. Effects of these metals were studied on 0ìM, 25 ìM, 50 ìM, 75 ìM and 100 ìM concentrations of their corresponding salts (AlCl 3 .6H 2 O, FeCl 3 and Na 2 Mo 4 .2H 2 O). The effects were assessed on bacterial growth in vitro and host plant productivity and nodulation in vivo.
i) In bacterial culture:
A loopful of log phase culture of each strain was inoculated separately in flasks containing Yeast Extract Mannitol (YEM) broth medium amended with different salt concentrations of Al, Fe and Mo. The inoculated flasks were then placed at 28±1 o c on a shaker at speed 150 rpm. To obtain growth rate, the optical density of each flask was measured after every 4 hours up to 40 hours at wavelength 610 nm. Specific growth rate of both the strains MPR 8 and TFR 3 were calculated using the formula given by Stanier et al. (1985) Log (Fig. 2) . Similarly, aluminium was observed to have negative effect in all concentration in symbiotic plant productivity and nodulation of both plants (Table 1 and 2) .
ii) Effect of iron on bacterial culture and plant productivity
Iron was found beneficial up to the 25 ìM concentration in culture of both strains of bacteria and in plant productivity. Specific growth rate of MPR 8 increased form 0.27 in control to 0.29 in 25 ìM of FeCl 3 and beyond 25 ìM it starts to decline reaching 0.17 at 100 ìM of the same (Fig 3) . Similarly, in case of TFR 3 the specific growth rate increased form 0.28 to 0.31 for 0 ìM to 25 ìM respectively and reached to 0.18 at 100 ìM (Fig 4) . The crop productivity and nodulation of both plants was also found increased on supplying FeCl 3 form 0 ìM to 25 ìM and above 25 ìM it was found to have negative effect (Table 3 and 4).
iii) Effect of molybdenum on bacterial culture and plant productivity
Molybdenum was found beneficial up to the 75 ìM concentration in culture of both strains of bacteria while it was beneficial only up to 20 ìM in plant productivity and nodulation. Specific growth rate of MPR 8 increased form 0.27 in control to 0.31 in 75 ìM of Na 2 Mo 4 and beyond 75 ìM it starts to decline reaching 0.16 at 100 ìM of the same (Fig 5) . Similarly, in case of TFR 3 the specific growth rate increased form 0.28 to 0.30 for 0 ìM to 75 ìM respectively and reached to 0.15 at 100 ìM (Fig 6) . The crop productivity and nodulation of both plants were also found increased on supplying Na 2 Mo 4 form 0 ìM to 20 ìM and above 20 ì M it was found to have negative effect (Table 5 and 6).
DISCUSSION
The result of this study revels that aluminium, even in small concentration, has negative effect on rhizobial growth kinetics in cultural condition (Fig 1 and 2 ). Wood and cooper (1988) (Mc Lean, 1976) . As rhizobial strains studied here are fast growing acid producing bacteria, it promotes Al to show its full toxicity. Since the distribution of various ionic species of Al is pH dependent (Martin, 1991) , slight change in pH may significantly affect the relative concentration of the various charged Al species and their ligands and hence the toxicity of aluminium. Further, slight change in pH alone can significantly affect the growth of root nodule bacteria (Thornton and Davey, 1983; Richardson and Simpson, 1989) . In combination with acidity, Al is detrimental to root nodule bacteria in those cases where growth occurs to longer log periods, decreases growth rates and lowers final cell densities (Whelan and Alexander. 1986 ). The toxic effect of aluminium is due to its effect on bacterial DNA (Johnson and Wood, 1990; Martin, 1988) .
The plant productivity and nodulation was much affected by application of Al salts (Table 1 and 2). Presence of aluminium in the soil reduced the plant productivity and nodulation significantly. Aluminium toxicity in acid soils hampers root development of many crops, and thus reduces the ability of crop plants to acquire phosphorous from the soil (Edwards, 1991) . P in the soil is strongly absorbed to aluminium (Al) or iron (Fe) at low pH (Blamey and Edwards, 1989) . Phosphorous may be precipitated as Al 2 (PO 4 ) 3 either on root surface or in root cell walls (Barlett and Riego, 1972; McCormick and Bordem, 1974) . Storage of P depresses legume production and nitrogen fixation and thus strongly effect N supply to food crops (Van Noordwijk et al., 1992) . Co-inoculation of phosphate solubilizing fungi (arbuscular mycorrhizal fungi) with rhizobium has significant increase in plant biomass accumulation (Al-Garni, 2006) . Soil acidity is a complex problem due in part to H + ion concentration and especially as the pH drops below 5.0, to toxicity of aluminium and manganese and limited availability of calcium, molybdenum and phosphate (Coventry and Evans, 1986) . The growth and nodulation of many legumes has been shown to be affected by aluminium (Kim et al., 1985) . In addition to effects on nodule initiation (Brady et al., 1990) and root hair formation (Hecht-Buchholz et al., 1990) , it has been suggested that a further factor in the sensitivity of nodulation to aluminium may be due to direct effects of aluminium on the growth and survival and numbers of root nodule bacteria in the soil (Coventry and Evans, 1989) . As stated earlier, acid soil contains high concentration of H + ion and free aluninium and low concentration of calcium and available phosphorus. Some acid soils contain Mn at phytotoxic levels, while in others Mo is not available. The poor growth of legumes in acid soils is frequently the result of an inhibition of nodulation rather than effects solely on the host plant (Munns, 1979; Edwards et al., 1981) . The greater concentration of H + ions increases the solubility of Al, Mn and Fe and these elements provide toxicity on plant growth and development.
Aluminium has been shown to reduce or inhibit nodulation (Hallsworth, 1958; de Carvalho et al., 1981) , the extent of the effect depending on concentration in solution and the legume species concerned. Reduction in the growth of Medicago sativa was found at only 8-18.5 ìM Al, but other N-fertilized tropical legumes showed no growth inhibition at 74 ìM Al (Munns, 1965; ). Nodulation appears more sensitive to Al than is plant growth (de Carvelho et al., 1981; Murphy et al., 1984) each reporting inhibition of nodulation at 25 ìM Al.
During the present study, it has been found that iron and Molybdenum enhanced the bacterial growth up to certain concentration (25 ìM Fe and 75 ìM Mo) (Fig 3-6 ) and symbiotic efficiency (25 ìM Fe and 20 ìM Mo) (Table 3-6). Both iron and molybdenum being the key components of enzyme nitrogenase and nitrate reductase. Apart from being and important co-factor of enzyme complex, iron is also an inevitable component of various other cellular components and products like leghaemoglobin (Bergersen, 1978; Dudeja et al., 1997) . Mo is also an important component of nitrogenase enzyme complex (Solaiman, 1999) . Fu and Tabatabai (1989) It is well known that iron is specially required for N 2 fixing system: it is involved in the synthesis of the nitrogenase, leghaemoglobin, ferredoxin, hydrogenase and cytochromes. Consequently, iron deficiency may affect symbiotic fixation by impairing Rhizobium survival, establishment of functional nodules or host photosynthesis and energy transfer to the bacteroids (Johnson and Barton, 1993) . Although extensive research has been directed to correct chlorosis (iron deficiency) by the application of available iron compounds to the soil and by selective plant breeding to produce Fe cholorosis resistant cultivars, only during the last decades the possible implications of siderophore producton by rhizobial strains has been considered as a potential way to improve nodulation and N 2 fixation in iron deficiency conditions. The beneficial effect of using siderophoreproducing strains of Bradyrhizobium sp. and Rhizobium meliloti were reported by Gill et al. (1991) and Arora et al. (2001) respectively. Moreover siderophore porducng ability might favour the persistence of rhizobia in iron deficient soils (Lesueur et al., 1995) .
Soil, deficient in Mo, produces poor and ineffectively nodulated legumes. Extremes of pH affect nodulation by reducing the colonization of the legume rhizosphere by rhizobia. Highly acidic soils (pH<4.0) frequently have low levels of phosphorous, calcium and molybdenum and high aluminium and manganese, are often toxic for both partners; nodulation is more affected than host growth and nitrogen fixation (Bordeleau and Pervost, 1994) .
CONCLUSION
The isolated strains of Rhizobium from Mucuna pruriens and Trigonella foenumgraecum showed enhancement of growth treated with Mo and Fe to certain limit whereas Al was completely toxic to both the strains. The application of iron and molybdenum promotes growth of bacteria and host because these metals are necessary components of some physiologically important compounds such as enzymes and other cofactors. But aluminium was harmful even in small concentration due to its negative effect on bacterial multiplication and precipitation of phosphorous, an essential nutrient to the plant. The excessive presence of heavy metals is harmful to crop production. Thus excessive accumulation of these heavy metals in soils must be prevented. On the other hand supplementation of optimum amount of Mo and Fe in the soils along with biological formulation so as to increase the processes of symbiotic nitrogen fixation will be beneficial.
